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Absfruct- The integrity of Gate Oxide Shorts (GOS) 
model is a key factor as quality and reliability indicator 
of CMOS. Gate Oxide defects in MOS transistors can be 
considered as the layout and technology dependent 
failures for which logic fault models are not always 
available, requiring electrical models to simulate the 
defect characteristics. Previously the GOS have been 
modeled with split transistors technique using two minor 
transistors and lumped elements. However, it is 
problematic to study minimum size transistors affected 
by GOS failures, using the existing unidirectional split 
model as the channel length is designed at minimum size 
in particular technology process. This paper presents a 
study to compare and correlate between split model and 
non-split model of GOS. 
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I. INTRODUCTION 
Gate oxide shorts in MOS transistors are the result of 
manufacturing process or material defects. They usually 
have limited extent in comparisoii with the dimensions of 
MOSFET and randomly distributed over the silicon 
wafers [l]. These shorts exhibit diverse electrical 
properties and therefore can be responsible for IC faults. 
Break down of the gate oxide layer result of lithography 
defects on mask, deviation on thin oxide growing and 
field failures due to voltage overstress can be considered 
as the main reasons for gate oxide shorts. 
Lithography defects such as airbome particles or 
mask damages may be responsible for lack of gate oxide 
layer under small portion of polysilicon gate. On the 
other hand, the electrical breakdown of the gate oxide 
layer may be induced by a high electric field that initiates 
injection of elect” from the electrode into the gate 
oxide and by the subsequent impact ionization. Thus 
missing spot occurs over the MOS transistor channel. A 
missing gate oxide spot will be filled by gate material, 
and that the dopant atoms from the gate will be able to 
penetrate to the substrate of the device. 
The lithography defects introduce pinholes in gate 
oxide which contribute to nearly zero breakdown fields 
to conduct a significant gate current in the defective 
MOS transistor [I]. Figure 1 shows an example of GOS 
defect in a MOSFET transistor. As for electrical 
breakdown defects, the Si02 layer that contain defects are 
characterized by smaller breakdown field. It introduces 
weak spots in the oxide, and the energy dissipated during 
breakdown of gate oxide layer may produce significant 
changes in the MOS structure. Because o f  the small sizes 
of the’ oxide defects, the Si filaments that short the 
polysilicon gate to the Si surface will have resistance. 
However, the value of the resistance varies depends on 
many factors such as defect size, oxide thickness, and 
doping densities in the polysilicon gate and diffusion 
regions. 
The gate oxide shorts in MOS transistor may be 
located in various regions of the gate oxide layer. When a 
gate oxide short occurs in the overlap region, the gate 
becomes shorted either to the drain or to the source 
region of the transistor. Whereas when the gate oxide 
short occurs within the MOSFET channel and far from 
the overlap regions, i t  is being recognized as gate to 
channel short. 
Figure 1. Gate Oxide Short 
This paper i s  organized in the following way. 
Section 2 describes the Gate Oxide Shorts mod&. 
Section 3 presents the simulation results and discussion. 
Section 4 conchded the paper. 
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11. GATE OXIDE SHORTS MODELS 
A fault is a deterministic, discrete change in circuit 
behavior whereas defect is non-deterministic and random 
in nature [2]. Depending on the defect location, the GOS 
can be categorized into two types. The first type of defect 
which connects the gate to clraidsource difhsion region 
is referred as an ohmic defect and exhibits a linear 
behavior in the IG versus VGS characteristics. The 
second type of defect which connects the gate to channel 
is referred as non-ohmic defect and exhibits a non-linear 
behavior in the 1G versus VGS characteristics [3]. 
A simple linear model has been proposed since year 
1980's and it is based on the addition of short rcsistance 
between the gate and drainlsource electrodes [ 13,141. The 
value of the resistance depends on many factors such as 
defect size, oxide thickness, and doping densities in the 
polysilicon gate and diffusion region. Due to special 
feature in CMOS processes, GOS in n-transistor has 
different properties from those in p-transistor and thus 
should be modeled differently.'The* difference between a 
GOS in a n-transistor and in a p-transistor is  that the 
GOS in p-transistor has a pn-junction diode in series with 
short resistance [SI, 161, [73. The main advantage of this 
model is that the length of the transistor is preserved and 
implying that the model can handle transistors which are 
designed in minimum size in the particular process 
technology. However, the model is not able to represent 
the non-linear behavior which is presented due to the 
shorts between the gate and the channel. Thus, through 
out the years, researchers have been introducing various 
types of fault models to model the gate to channel shorts. 
A. Bi-Directional Model 
. .  
In order to analyze the gate to channel defect 
through electrical SPICE simulation, a fault free 
transistor had been modeled based on Iumped-elements. 
In the bi-directional model, the non-defective channel is 
represented by a bi-directional array of MOS transistors 
with m lines and ~f columns .which consist of n + l  
transistors and n nodes per line and ni-I  transistors and nt 
nodes per column [ 11, [63. This is shown in Figure 2. 
c Itl 
Figure 2. Lumped Element Bi-directional Model 
In this model, the pinhole is modeled by a resistor, 
Rgos between the common gate and one of the internal 
nodcs of thc nctwork. Thc dcfcct rcsistancc and location 
can then be varied through the value of Rgos and position 
in the network. There are three major parameters in this 
model which are the location of the faults, the size o f  the 
faults and resistance of the Rgos. 
B. Unidirectional Model 
From bidirectional model, researchers observed that 
the Vin and Vout characteristics are not really sensitive 
to the transversal location of the short [6].  Hence, 
unidirectional model has been introduced in order to 
reduce the complexity of the simulations. 
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Figure 3. Unidirectional Model 
In an unidirectional fault model, a defective MOS 
transistor is modeled by 3 components, a rectifying 
barrier and two minor transistors in which the faulty 
transistor can be seen as a device split into two minor 
transistors [XI ,  [ 9 ] .  The 'junction between the gate and 
channel is modeled at circuit level by a rectifying barrier 
between the gate and the channel. The barrier is 
characterized by a threshold voltage, a breakdown 
voltage, forward resistances and backward resistances [SI. 
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The contact resistance of the short is modeled by Rgos. 
The point where the short is located splits the transistor 
in two sections, behaving as two snnller transistors as 
shown in figure 3. 
A short location can be determined by its distaqte kl ,  
From drain and its distance of mL from source where L is 
the length of the fault free transistor. In this case, k+m=l 
and a rectifying barrier exist between the substrate and 
the gate. This is shown in Figure 3. Let 0 be the 
transconductance factor of the fault free transistor and BI 
and B2 correspond to the two smaller transistors The 
overall transconductance of the faulty transistor is same 
as the fault free transistor[B], 191. 
B I =  Plm 
C. Non Linear Non Split Model 
As the transistor size is continually being scaled 
down and most of the digital ICs are designed in 
minimum size, it is problematic to study minimum size 
transistors affected by GOS failures using the existing 
unidirectional split model. This is due to the fact that the 
channel length is designed at minimum size in the ' 
particular technology process. Thus, non-linear non-split 
model has been proposed 131. The objective of the non 
split model is to preserve the length of the original 
transistor and to iniroduce non-linearity in the model in 
order to properly represent the behavior of the GOS. 
Figure 4 shows an example of the new non-split model. 
Figure 4. Non-split Model 
T h e  non split model is . derived using flow 
characteristics approach by adding non-linear 
components to the original transistor. In this case, two 
transistors are added to the original transistor which each 
of them is responsible for the negative drain current, -Id 
and leakage current, I, of the faulty transistor. The model 
is constructed by first modifying the width of the original 
transistor; followed by inserting two additional 
transistors between the gate and draidsource of this 
original transistor, The model parameters (W,,,, WJL,, 
W&,) are then tuned to reproduce GOS defects of 
various resistance, location and size [3]. 
k 111. SIMULATION RESULTS AND 
DISCUSSION 
In this simulation, transistors of 1.2 micron 
technology were used as to verify the correlation between 
both unidirectional model and new non-split model. The 
reasons of using 1.2 micron technology are because of 
the well established process technology and capability of 
the existing unidirectional spIit model in modeling the 
GOS defects behavior. The tuning process can be done 
based on the existing unidirectional split model as long 
as the transistors are not in their minimum sizes. The new 
non-split model simulation results can be analyzed 
separately for each transistor. ' First of all, the first 
transistor which mainly contributes negative current to 
the transistor when lVgsl> (Vdsl is observed. Transistor 2 
is in-charge of the drain current in the faulty transistor. 
The gate leakage current is mainly controlled by 
transistor 3. Figure 5 a) and 5 b) show the current in both 
the split model and non-split model respectively. 
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Figure 5 .  (a) Current Flow in Split Mode1 (b) Current 
Flow in Non-split Model 
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Figure 6. Ids vs Vds characteristic of a faulty and fault 
free nmos 
Generally, a transistor with GOS defect will have 
smaller Ids value than,fault free transistor for a given Vgs. 
Furthermore, the existence of the negative drain current 
will occur for smaller Vds value. The comparison 
between fault free and faulty transistor characteristic is 
shown in figure 6. 
From the observation of figure 7, for fault which is 
closer to drain, the -Id will be greater compared to the 
fault located near to the source. This is because the 
cutrent of transistor k as shown in figure Sa) will be in 
the saturated region. In addition, the internal resistance 
for the current path i s  lesser when fault is located near to 
the drain. This can be understood by observing the 
changes o f  the W/L ratio of theunidirectional split model. 
When the fault is near to the drain, the W/L of the 
transistor k (which is .connected as drain in the split 
model) is getting larger. :Thus, the resistance of this 
current path is getting smaller as the fault move towards 
the drain. This phenomenon can also be described using 
the new non-split model. In the new model the leakage 
current, lg is the combination of the Idl and the Id3 
(which is mainly contributed for faulty gate current). 
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Figure 7. WIL ratio of transistor 1 in various Rgos and 
location for non-split model 
Figure 7, 8 and 9 show simulation results which 
carretale the characteristic between split model and non- 
split model. The ratio 2:8 for example means k:m for the 
defect location which refers to the split model. From the 
graph in figure 7, notice that for large Rgos value, fault 
which is nearer to drain the W/L ratio of transistor 1 is 
much greater than fault which is near to the source. This 
shows that fault; which is near to the drain will drive 
more negative current than fault, which is near to the 
source, When tlie shunt resistance reduces, the effect of 
defect location is very small. When ]Vgsl> IVdsl, the high 
leakage current due to low Rgos does guarantees high - 
Id no matter where the fault location is. Thus, the W/L 
ratio is almost the same when the Rgos is small 
regardless the changes of fault location. 
Transistor 2 011 lhc othcr hand, plays an  iniporlanl 
role in Ids current flow in the circuit. It controls the 
current flow by adjusting the W/L ratio of transistor 2. 
Figure 8 shows that fault which is near to the source will 
have larger WIL ratio as the Rgos reduces. 
It is obvious that, the responses saturated at both 
ends. For Rgos larger that 50 k n ,  the fault locations 
make no difference to the W/L ratio. It is because the 
high resistance approximates an open circuit to the gate 
oxide shorts. On the other hand, low resistances 
guarantee the existence of the faults in the circuit. 
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Figure 8. W/L ratio of transistor 2 in various Rgos and 
location 
In CMOS, Ids of the nmos allow the discharge of the 
voltage, thus greater w/L ratio in transistor 2 allows 
larger Ids to flow through the faulty transistor. In a 
particular shunt resistance Rgos, fault which is located 
near to the source will have a larger W/L ratio compared 
to fault located near to the drain. It is because; the V,, 
will be sunk by the REO, and the internal resistance of the 
faulty transistor. When ' V& Vtho, the transistor will 
operates in the saturated region as Vds will be greater 
than Vgs-Who. The low W/L ratio will greatly reduce the 
faulty transistor ability to discharge. Thus, it is necessary 
to find out the faulty region where the fault can be 
191 
detected using Iogical test. Thus, the point where the 
graph saturated (minimum value) at can be referred as the 
range of ‘hard’ faults in terms of Rgos. 
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Figure 9. WL ratio of transistor 3 in various Rgos and 
location 
From the graph in Figure 9, it can be easily seen that 
for fault which is closer to the drain, it tend to saturate 
near the value 1. For transistor 3, the larger the w/L ratio 
will allows larger gate current in the circuit. For fault 
which is near to the source, the W/L ratio is larger, It is 
due to the low resistance in the current path when the 
fault is near to the source. When the Rgos is 1 kQ, the 
graph tends to reach their saturate values. And thus, it is 
seen that the fault tends to cause the circuit to logically 
fail when Rgos reaches 1 kn . It is thus, say that the hard 
fault boundary will be at Rgos = 1 kQ. The non-linear 
increment of the W/L ratio far different fault locations 
seem to be related to’the non-linear part in the graph of 
the transistor 2. Both o f  them imply the non-linear effects 
of the GOS defects. 
IV. CONCLUSION 
In this paper, a new non-linear non-split model is 
used for gate to channel defects. The objective is to 
emulate the original length of the transistor in order to 
handle minimal length transistors. Based on the analysis 
of the correlation between unidirectional split model and 
the non-split model, we can conclude that the changing 
of a parameter in the split model would have 
correspondent changes in the new model and it follows 
certain trend as parameter shifted. For a given Rgos 
boundary, defects near to the drain may have functional 
disability. Whereas, defects near to the source may 
introduce performance degradation as its leakage current 
increases the pawer dissipation of the faulty transistor. 
Future work will be concentrated on the simulations 
4 of GOS in various process technologies in order to obtain 
the trend of the defect from one process technology to 
another. It is also possible to come out with a conversion 
table between the parameters of the existing 
unidirectional model and the new non-split model. 
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